Purpose: Radical nephrectomy can be performed using open or laparoscopic (with or without hand assistance) methods, and most recently using the da Vinci Surgical Robotic System. We evaluated the perioperative outcomes using a contemporary cohort of patients undergoing radical nephrectomy by one of the above 4 methods performed by the same surgeon. Following appropriate statistical analysis, p values < 0.05 were considered significant. Results: Of 57 patients, the open, robotic, laparoscopy with or without hand assistance radical nephrectomy were performed in 18, 6, 21, and 12 patients, respectively. The age, sex, body mass index (BMI), incidence of malignancy, specimen and tumor size, tumor stage, Fuhrman grade, hospital stay, change in postoperative creatinine, drop in hemoglobin, and perioperative complications were not significantly different between the methods. While the estimated median blood loss, postoperative narcotic use for pain control, and hospital stay were significantly higher in the open surgery method (p < 0.05), the median operative time was significantly shorter compared to the robotic method (p = 0.02). Operating room costs were significantly higher in the robotic and laparoscopic groups; however, there was no significant difference in total hospital costs between the 4 groups. Conclusions: The study demonstrates that radical nephrectomy can be safely performed either by open, robotic, or laparoscopic with or without hand assistance methods without significant difference in perioperative complication rates. A larger cohort and longer follow up are needed to validate our findings and establish oncological outcomes.
INTRODUCTION
Nephrectomy for the treatment of renal disease was first performed in the 1860s (1) . Since Robson's first description of radical nephrectomy (RN) for renal tumors in the year 1963, RN has been traditionally performed by open methods through relatively large abdominal or flank incisions (2) . Within the last decade, RN is more frequently being performed using laparoscopy with or without hand assistance, and most recently using the da Vinci Surgical Robotic System (3, 4) . Studies have established the comparability in perioperative and oncological outcomes between laparoscopy and open RN meth-ods (5, 6) . Most of these studies include patients undergoing RN by either open or laparoscopic methods by different surgeons and therefore, were unable to evaluate the impact on the individual surgeon's performance on the outcome independent of the method used in performing the procedure (5) . Several studies evaluating outcomes of patients undergoing radical surgery for prostate and bladder cancer by open methods have demonstrated that the performing surgeon is an independent predictor of outcome (7, 8) . Therefore, in this study we analyzed the perioperative outcome using a contemporary cohort of patients undergoing RN by different methods (open, laparoscopy with hand assistance (HAL), laparoscopy without hand assistance, robotic) performed by the same surgeon, thereby minimizing the impact of different surgeons performing the procedure on perioperative outcome.
MATERIALS AND METHODS
The relevant clinical information on 57 consecutive patients undergoing radical nephrectomy from September 2000 through July 2004 by a single surgeon was entered in a Microsoft Access Database™ and queried. Prior to initiation of Laparoscopic and Robotic Surgery Program (LRSP) at our institution in January of 2001, all patients underwent radical nephrectomy by conventional open method. However, since the inception of LRSP all the radical nephrectomies were performed using minimally invasive techniques, including pure laparoscopy, hand assisted laparoscopy, and robot assisted surgery. Open radical nephrectomies continued to be performed in our institution on the patients with medical contraindications to laparoscopy. Hand assisted laparoscopy was a method of choice for radical nephrectomies in the early part of our series because it facilitates transfer of open surgical skills to laparoscopic surgery. However, with increasing experience, pure laparoscopic method was more frequently used to complete radical nephrectomy and hand assistance was limited to complex cases including large masses, extensive intra-abdominal adhesions, uncontrollable bleeding or failure to progress. The robotic method was used to establish feasibility of using the robot to perform radical nephrectomy as previously published (4) . An Institutional Review Board (IRB) exempt status for the study was obtained because all patient identifiers were deleted after obtaining pertinent clinical information and subjects were never identified. The information analyzed included age, sex, body mass index (BMI), operative time, postoperative narcotic use including need to use patient controlled analgesia (PCA) or total quantity of morphine equivalent used, estimated blood loss, hospital stay, change in postoperative creatinine and hemoglobin, presence or absence of malignancy, final pathology of intact specimens including specimen size, tumor size, stage, Fuhrman grade, and perioperative complications.
Postoperatively, several patients received morphine sulfate for analgesia by PCA pump. In this study, we used the need to use PCA for postoperative analgesia as an indicator of increased postoperative pain. Because the total amount of morphine used through the PCA was variable, we were unable to precisely quantify the milligrams of morphine used. However, when the patients' pain improved, they either were switched to oral pain medications or were given measured amount of morphine intravenously as needed. Therefore, for the purpose of analysis, we categorized the patients based on PCA use for postoperative pain control when accurate measurements of morphine use were not obtainable.
Finally, a cost analysis was performed comparing the operating room charges and total hospital costs for a randomly selected group of patients from each group.
Statistical Analysis
Continuous variables were compared using the Wilcoxon rank sum test due to the skewed nature of the variables and categorical variables were compared using Fisher's exact test. P-values were compared to a significance level of 0.05. Pairwise comparisons using the non-parametric Wilcoxon rank sum test were carried out to compare perioperative outcomes between the 4 methods. The alpha level was adjusted to account for the multiple comparisons using the Bonferroni method (9). 
RESULTS
Of 57 patients, the open, robotic, laparoscopy with or without hand assistance RN were performed in 18, 6, 21, and 12 patients, respectively. The patient characteristics are listed in Table-1, which were not significantly different between the four methods. The perioperative outcomes are tabulated in Table- 2. There were no positive surgical margins in any of patients with malignancy. The postoperative change in creatinine, drop in hemoglobin, and perioperative complication rates were similar between the 4 methods. The , HAL, and laparoscopic methods. However, the median estimated blood loss was significantly higher in the open method 500 (75-3000) mL compared HAL, and laparoscopic methods; 100 (10-1000) and 125 (50-300) mL respectively (p = 0.01). The patients who underwent open nephrectomy tended to have higher rates of postoperative patient controlled analgesia (PCA) use compared to robotic and HAL methods at 75% versus 0% and 14%, for the robotic and HAL methods respectively (p = 0.0035). The median hospital stay for patients undergoing RN by robotic methods was significantly shorter compared to open method, 3 vs. 5 days (p < 0.01). A total of 10 (17%) perioperative complications and 2 (3.8%) deaths occurred in the entire study cohort. One patient died on postoperative day 10 from aspiration following open radical nephrectomy, and the other death occurred in a patient on postoperative day 6 secondary to fulminant pancreatitis following laparoscopic left radical nephrectomy. The perioperative complication rates between the four methods were not significantly different; 17%,18%,19%, and 17% for open, robotic, HAL, and laparoscopic methods respectively (p = 1.00). The morbidities following RN by method of surgery are detailed in Table- 
COMMENTS
Most recently, the da Vinci Surgical Robotic System has been added to the armamentarium of minimally invasive surgery and is being increasingly used to perform complex urologic procedures (10, 11) . We have previously published on the feasibility of robotic radical nephrectomy, and in this study, we evaluated the perioperative outcomes of patients undergoing RN by one of the four contemporary methods; open, robotic, laparoscopic methods with or without hand assistance (4). The current study includes patients who have undergone RN by one of the four methods performed by a single surgeon, thereby minimizing the impact on perioperative outcome of different surgeons performing the procedure.
Our study demonstrates that RN can be performed by any one of the four methods with comparable perioperative outcomes by a surgeon familiar with the techniques. While the characteristics of patients undergoing RN by four methods were not statistically different, the estimated median blood loss of 500 mL (75-3000) and morphine use (need for PCA) was significantly higher in the open surgery method, and the median operative time was significantly shorter at 202 minutes (116-382) compared to one or more of the other methods (p < 0.05). The prolonged operative time in patients undergoing RN by robotic method is probably related to the learning curve, as studies in literature confirm improved operative time with increasing experience with other robotic urological procedures (12) . Another major limitation of RN by robotic method is increased cost. Although a detailed cost analysis is beyond the scope of this article, we demonstrated an increased mean operating room cost in the robotic and laparoscopic groups compared to the open group. Overall hospital costs, however, were not statistically different between groups. Patients treated with robotic methods had the least median length of stay in the hospital, and blood loss was significantly less than the open method and comparable to other laparoscopic methods. Although we have postulated in a prior publication that the three dimensional visualization and endowrist movements of the DSRS may facilitate performance of renal cancer surgery with IVC invasion or partial nephrectomy, it remains to be proved whether these technical advantages will result in improved clinical outcomes compared with pure laparoscopic management of cases by experienced laparoscopic urologic surgeons (4).
The perioperative complication rate for our entire cohort was 17%, which is comparable to published data in the literature (13) . There were no significant differences in complication rates between the four methods. However, the nature of the complications was distinctly different and dependent on the method used to perform RN. Bowel perforation occurred more frequently in patients undergoing HAL nephrectomy, whereas a solitary case of pneumothorax occurred in a patient undergoing RN by open method. Although we attempted to perform most open RN through an extraperitoneal approach, almost all cases of laparoscopic RN with and without hand assistance was performed using an elective transperitoneal approach. The higher incidence of bowel related complications in the HAL method was perhaps related to the transperitoneal approach and more frequent use of HAL method in patients with increased intra-abdominal adhesions. All 3 cases of bowel complications occurred in first three patients undergoing surgery by HAL. While other large nephrectomy series have also reported similar bowel injuries, both bowel injuries reported in this series occurred early in our experience, highlighting the complexity and learning curve associated with performing RN by minimally invasive techniques (13) .
Several large series published in the literature comparing safety and efficacy of laparoscopic and open RN are either single or multinstitutional series where procedures were performed by multiple surgeons over an extended period of time (14, 15) . Because the surgeon performing the procedure could be a significant factor influencing both perioperative and long term outcomes, it is unclear from the published data the exact impact of the performing surgeon on the outcome. Moreover, there are no published series in the literature on the same surgeon performing RN using different methods. In our study, by evaluating the perioperative outcome of patients undergoing RN by one of four contemporary methods performed by a single surgeon, we have established that a single surgeon familiar with various techniques can perform RN by any of the methods effectively with comparable complication rates, which is similar to other published nephrectomy series (13) .
Although a single surgeon performed the surgeries on the entire cohort of patients included in this study, the procedures were done at a teaching institution with urology residency training program. With increasing experience, urology residents performed a greater proportion of the surgery, which demonstrates that all four methods of performing RN can be incorporated in to a residency-training program. Others have suggested utilizing a dedicated team of surgical assistant and ancillary staff, especially in robotic cases, to improve speed and efficacy of performing minimally invasive complex urological procedures (16) . Cases in this study were performed using rotating urology residents and available but well trained ancillary staff, which suggest that our data is more likely to be reproducible in other community medical centers that may not necessarily have the resources of centers of excellence. We performed an average of 15 RN each year during the study period, which confirms that RN by different methods inclusive of the learning curve may be performed without increased complications within a limited volume of cases by surgeons familiar with the techniques.
The primary goal of our study was to evaluate perioperative outcomes, and the data is not currently mature enough to evaluate oncological outcomes. However, patients with open RN have longer median follow up of 15 (1-31) months, of which 2/ 10 (20%) developed disease recurrence with distant metastasis. Clearly, longer follow-up is needed in patients undergoing RN by the other three methods to compare oncological outcomes. Because the incidence of malignancy, stage and grade of malignant tumors of were similar in patients undergoing RN by the 4 methods, and no positive margins were noted in any of the patients, we anticipate that the oncological outcomes will also be comparable between the four methods.
Our study is limited by a relatively small sample size, which is inadequately powered to detect small differences between the four methods. The study was conducted at a single institution and our results remain to be validated by other centers where the same surgeons perform RN by different methods. We are unable to evaluate the differences in long-term oncological efficacy between the methods because of the short follow-up. Nevertheless, the study establishes that radical nephrectomy can be performed either by open, robotic, or laparoscopic with or without hand assistance methods by a single surgeon familiar with the techniques without significant difference in perioperative complication rates.
CONCLUSIONS
Our data confirms that radical nephrectomy can be performed using either open, robotic, or laparoscopy with or without hand assistance by a single surgeon without significant difference in perioperative complication rates. A larger cohort and a longer follow up are needed to validate our findings and establish oncological outcomes.
